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Abstract 
The building basic information, form of cold and heat sources, and energy consumption of 40 public buildings in 
Tianjin, China have been collected and analyzed. The total construction area is 3846155.18m2. In 2014, the total 
comprehensive energy consumption is 59343.23tce, the total power consumption is 15673.69×104kWh.The average 
comprehensive energy consumption is 15.43kgce/(m2.a), the average power consumption is 40.75kWh/(m2.a). The 
function of building, building envelope and illuminating system has obvious effect on building energy consumption 
which is significant for energy saving reconstruction of existing buildings. The energy consumption of hospital 
building is much higher than that of government office building and school building. 
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1. Introduction 
Public building energy consumption occupies larger proportion of the building energy consumption. 
Building energy saving plays an important role in China's energy-saving and emission reduction. So it is 
very important for the construction energy conservation work to conduct public building energy audit, 
analyze energy consumption level and the influence factors. 
Lam et al. [1] detailedly analyzed the sub-metering electric data of 10 buildings in Hongkong, the 
simulated result suggested that the energy saving potential are mainly in two aspects of lighting and air 
conditioning, in which way we can use for reference in conducting low cost energy saving reconstruction 
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of public buildings. Zhao et al. [2,3] and Cai et al. [4] analyzed the current situation and challenges of 
building energy consumption in China, proposed a method of energy consumption diagnosis, introduced 
the measures to improve the efficiency of building energy use and put forward the energy consumption 
quota of public buildings based on the statistical analysis method. Zhou et al. [5] analyzed the different 
functional areas and energy consumption data of large-scale public buildings according to the energy audit 
on 48 buildings in Shanghai and proposed a set of energy consumption indicators of different items for 
different functional buildings. Zhou and Lin [6] intended to evaluate the impact of a variety of scenarios 
of gross domestic product (GDP) growth, energy elasticity and energy-efficiency improvement on energy 
consumption in commercial buildings in China. Tan [7] analyzed the energy use characteristic based on 
the typical public building basic information and energy consumption data, obtained air-conditioning 
energy consumption proportion of all kinds of buildings, established simplified model of government 
buildings and put forward the corresponding energy saving measures and suggestions according to the 
results of the analysis. Three ways to obtain building energy consumption data: test, survey and 
simulation were described based on the research and analysis of the public building energy consumption 
monitoring data [8-10]. 
2. The building basic information and cold and heat sources 
In the present work, the building basic information of 40 public buildings in Tianjin have been 
collected, including 20 government office buildings, 11 hospital buildings and 9 school buildings. Among 
them, 23 buildings were built before 2006, account for 57.5%. The other 17 buildings were built after 
2006. The building structure includes brick-concrete structure, concrete shear wall, frame structure and 
steel structure. The proportion of construction time and building structures is shown in Fig.1a and 1b. 
 
 
(a) 
 
(b) 
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Fig.1. Different age and structure building distribution 
According to Fig.1a, 18 public buildings are concrete shear wall, accounts for 45%, brick-concrete 
structure accounts for 35%, the frame structure and steel structure accounts for 20%. 
Tianjin is a typical cold region city in China, the heating energy consumption accounts for a high 
proportion of total energy consumption of building in winter. Field survey found that the heating source 
mainly includes municipal heating network, gas-fired boiler, direct-fired machine and ground source heat 
pump, and the distribution is shown in Fig.2. 
 
 
Fig.2. Different heat source distribution proportion 
According to Fig.2, the municipal heating network is the most widely used heating source, accounts 
for 50%, followed by natural gas boiler, accounts for 22.5%. Direct-fired machine and ground source heat 
pump are used in a low proportion, only 15% and 12.5%, respectively. 
3. Energy consumption analysis and influencing factors 
3.1. Analysis of energy consumption 
In the present work, the energy consumption of 40 public buildings in Tianjin China have been 
collected and analyzed. In 2014, the total construction area is 3846155.18m2, the total comprehensive 
energy consumption is 59343.23tce, and the total power consumption is 15673.69×104kWh. The average 
comprehensive energy consumption is 15.43kgce/(m2.a), the average power consumption is 
40.75kWh/(m2.a). 
The total heating area is 3683776.08 m2, total heating energy consumption is 34086.31tce of standard 
coal and the average heating energy consumption of unit building area is 9.25 kgce/(m2.a). 
It is found that the energy consumption per unit building area of old building is relatively higher than 
that of new building for the same function public building. The utilization rate of indoor energy-saving 
equipments and lamps is low in old buildings while the insulation effect of building envelope and the use 
of energy-saving equipment in new buildings has greatly improved than old buildings. Thus, the 
comprehensive energy and power consumption of buildings is decreased. For example, government office 
A was built in 2012, the average comprehensive energy consumption is 17.88kgce/(m2.a),the average 
power consumption is 63.25kWh/(m2.a). While, the government office B was built in 2001, the average 
comprehensive energy consumption is 32.78kgce/(m2.a), the average power consumption is 
121.50kWh/(m2.a). It’s mainly because that the structure of old buildings are brick-concrete structure 
without insulation layer outside the wall, and the window is mainly ordinary single glass window. Since 
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the “Tianjin design standard for energy efficiency of public building” was implemented in 2006, the wall 
has been changed into concrete shear wall with insulation layer outside or inside the wall, energy-saving 
window frame and low-e glass have been used to reduce the overall heat transfer coefficient and heat 
transmission. 
3.2. Main factors affecting the energy consumption of buildings 
(1)The function of building 
Based on the analysis of energy consumption, the function of building has an obvious effect on the 
energy consumption of unit building area. The comprehensive energy and power consumption of unit area 
of hospital buildings are 23.92kgce/(m2.a) and 86.00kWh/(m2.a) , the government buildings are 
18.46kgce/(m2.a) and 68.91kWh/(m2.a), the school buildings are 12.69kgce/(m2.a) and 24.31 kWh/(m2.a). 
The comprehensive energy and power consumption of unit area of hospital building are the highest. The 
detailed data are shown in Tab.1. 
 
Table 1 Effect of building function on the average comprehensive energy consumption and average power consumption 
Building types Building area  
m2 
Total energy 
consumption 
tce 
Total power 
consumption 
104kWh 
Average energy 
comprehensive 
consumption 
kgce/(m2.a) 
Average power 
consumption 
kWh/(m2.a) 
Government building 417674.22 7711.05 2766.32 18.46 66.23 
Hospital building 723132.96 17297.02 6218.99 23.92 86.00 
School building 34335.16 2705348.00 6576.40 12.69 24.31 
 
From Tab.1, the comprehensive energy and power consumption of unit area of hospital building are 
the highest and above the average comprehensive energy and power consumption, while the school 
building is the least. 
Fig.3 shows the frequency of average comprehensive energy and power consumption. 
 
 
(a) 
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(b) 
Fig.3. Distribution histogram of comprehensive energy and power consumption of unit area 
(2)Building envelope 
The energy saving of building envelope mainly relies on reducing infiltration, heat transmission and 
solar radiation energy. The infiltration is reduced by using sealing material to increase the window air 
tightness. By using external wall insulation, energy-saving glass and energy-saving window frame, the 
heat transfer coefficient of the building envelope can be block heat transfer. The solar radiation energy is 
reduced by using the internal and external shading facilities and inlay material of high shading coefficient 
such as low-e glass. 
In the present work, it is found that the structure of buildings, built before 2000, is mainly brick-
concrete structure without any insulation measures, and the window is ordinary single glass window. 
Obviously, there is great energy saving potential for these old buildings, and the cooling and heating 
energy consumption can be reduced greatly by energy saving reconstruction of building envelope. 
(3)Illuminating system 
Lighting energy consumption occupies a high proportion in the total power consumption of public 
building, ranging from 20% to 40%. The lighting energy consumption can be greatly reduced by using 
natural lighting, energy saving lighting lamps and zoning control and acoustic sensor intelligent control. 
According to the new buildings built after 2010, by installing LED light and using the method of 
zoning control, the lighting energy consumption can be reduced by 50-80%, indicating a great potential in 
terms of lighting system. 
Based on the statistics and analysis of the energy consumption of public buildings in Tianjin, China, 
the existing problems of the building envelope and lighting systems can be obtained. Reasonable energy 
saving reconstruction measures of building envelope and lighting systems in existing buildings can be 
presented in the real work. 
4. Conclusions 
By auditing the energy consumption data in 2014 of 40 public buildings in Tianjin, China, and some 
conclusions can be drawn. 
(1) The average comprehensive energy consumption of all the public buildings is 15.43kgce/(m2.a). 
But there is an obvious difference between different functional architecture. The average comprehensive 
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energy consumption of unit area of government building, hospital building and school building is 
18.46kgce/(m2.a), 23.92kgce/(m2.a) and 12.69kgce/(m2.a), respectively. 
(2) The average power consumption (not including heating) is 40.75 kWh/(m2.a). The power 
consumption of unit area of government building, hospital building and school building is 
68.91kWh/(m2.a), 86.00kWh/(m2.a) and 24.31 kWh/(m2.a) respectively. 
(3) The function of building, building envelope and illuminating system has obvious effect on the 
energy consumption of building. 
All tables should be numbered with Arabic numerals. Headings should be placed above tables, left 
justified. Leave one line space between the heading and the table. Only horizontal lines should be used 
within a table, to distinguish the column headings from the body of the table, and immediately above and 
below the table. Tables must be embedded into the text and not supplied separately. 
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